METHOD FOR FABRI CATI NG A GATE STRUCTURE OF A FI ELD EFFECT TRANSI STOR
BACKGROUND OF THE I NVENTION Field of the invention [Om The present
i nvention generally relates to a nethod for fabricating devices on

"sem conductor substrates. Mre specifically, the present invention rel ates

to a nmethod of fabricating a field effect transistor. Description of the

Rel ated Art [0002) Utra-large-scale integrated (ULSI) circuits typically

-include nore tha I &
seni conduct or su&%g ?%émgm; ‘ ﬁ%us functi ons
within an el ectronic de A t ude conplenentary

P

Jmaterial. The gate

et al - oxi de- sem condugtor (CN[B) field affect transistors. [00031 A CMOS

transi stBACKER diE JHEINVENEIQN e t hat is di sposed between a source

region and a drain region defined in the sem conductor substrate. The gate

structur[qewggrgﬁéﬁwem?ﬁrrprl ses a gate electrode formed on a gate dielectric
ectrode controls a flow of charge carriers, beneath

t he gat S0tk |Té@t presont ipvantion greerally mjatss tormethod forfatirieatingedsvicasconr ai n

Tegi on anibHRRAY Sibsirafs0 Mars Rpasiiddy! Wefbrbe.s‘m iﬁ&mh% des.% Qwﬁ q The

channel drain and source regions are collectively referred to In e art
as a tr‘%fﬁ@li’f!,‘fayﬂgﬁfiﬁ!‘ﬁlﬁffﬁm‘mﬂwg is a constant trend to reduce the

di nensions of the transistor junction and, as such, decrease the gate

el ect ro@esu’mitlbn bhiher Aelatddoantf acilitate an increase in the operational

. Goped pdogHF kAR ebraiE (OESD eav?@%éﬁ%ﬁahsﬁﬁ?*@ﬁ%i%'oﬁ%{ﬁ%&ﬁ%qé’le a

t hi n | aymilliopetrangistdl that 6f: forgetroma senficandatioh subitedte dind which rebpeva

G ond do Py iR fiions A R Hredhera & t“%ﬁﬁéﬁ%%@m& ”'t‘#imde

{ Hf SI CN)goneptemiehtary Me&ahc&mmwnmbmmqome ﬂaﬂeﬁbmmﬂo:ﬁ electric

" const ant greater than 4.0 are referred to In the art as "high-K"

L DA s 45 e

ovos trarﬁgiogt d@fme@ldnngeaemimndycmlsubMdTUeagam skgttun?s | n

_generally mmpnses a gate electrode formed on a gate dielectric material. The gate
electrode controls a flow of charge carriers, beneath the gate dielectric, in 2 channel
region that is formed between the drain region and the source ragion, so as to turn the
transistor on or off. The channel, drain and source regions are collectively referred fo in
the art as a “transistor junction®. There is a constant trend to reduce the dimensions of
the transistor junction and, as such, decrease the gate siectrode width in order {0
facilitate an increase in the operational speed of such fransistors.

(0004] The gate electrode is generally formed of doped polysilican (8), while the gate
dielectric material may comprise a thin layer (e.g., 20 fo 60 Angstroms) of a high
dielectric constant material (e.g., a dielectric constant greater than 4.0) such as,
hafnjum dioxide (HfOg), hafnium silicon dioxide (HISIOz), hamium silicon oxynitride
(HfSION), and the like. Such dielectric materials having a dielectric canstant greater
than 4.0 are referred to in the ait as “high-K* materials. The gate dielectric material -
may also comprise a layer of silicon nitﬁcie (8i3N,), silicon dioxide (Sioz), and the like.

[0005] Tha CMOS transistor may be fal;ﬁcated by defining source and drain regions in
the semiconductor substrate {e.g., doping regions in the substrate using an ion
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t he sem conductor substrate (e.g., doping regions in the substrate using an
lon 1 inplantation process). Thereafter, the naterial |ayers that conprise
the gate (e.g., high-K dielectric layer and polyslilcon |ayer) are
deposited on the substrate and patterned using sequential plasm etch

. processes-to the formthe gate structure. t00D6 The pl asnma-etch process
used for patterning t he polysilicon | ayer generally includes gas

“chem st gggge [

si dewal s of th tr.'ﬁigkure er ea‘?k&? urtlﬁﬁtg su sequent tﬁa%

et chi ng high- heie! righ Jayeni and: polyslicpa Jayer) sarehdefasited con rig auhﬂra!er@\dm th
process t é@h‘iteh? | ?\ﬁﬁ:’t

t opogr ap |g (‘jeldndebﬁ]sqsons 0 &F‘%asrﬁg?%ch&r?ﬁe%s@%éﬂﬁfesfggxgﬁhégﬁg y, the polyneric
resi dues. nay ontam nate the subst e or,cause diffjcul ti i n depositing
 subsequitiERl Th8 RIATAIN PIORRISaUFeH TanBaRige e PRUSHIORR SiercSenstBbe

. using aumd@tgéu amﬁrstnesm.wysaiduc& rREMS FStTdtBsP Widh %amammate amnd

I ncreaseg he co of fabricati nﬂ}jﬁ{ 8te structure, I’L here g{e

t here *Pﬂ gale ?t"f%r oaltpy, SyaRO REEsERHent plasyy eicling,g gat e
struct uthtghak me!bbﬁbdaﬁérf &ath tréﬂﬂse§ﬁﬁy mﬁdﬁ?@ﬁ?ﬁh%&ﬁlﬁg\lﬁﬂﬁa Q)bm The
pr esent mvsgélonls gﬂtodfo brlca ate sgl} cture field

effect SGnME Legfues mAY, nceags & 19ale | fing a

mat er i abk_dsimhuy,dmpmymaﬁ@ rasuﬁaéenﬁy%hmntﬁate&ne isubgtratabreause difficulties

di el’ectt|$ aye Prior tﬁ etching the gate dielectric layer, polyneric
residuef #97 ?%‘5'90 HeRAUetIAYarSt e when the gate electrode is etched are
~renoved. The polyneric residue Is renoved by exposing the substrate to a
pl asma €907 Typinglly nibeo polymesict tasiduesaatm nemovedi using @ aests etcBRpEcess.

DESCRI P ‘Bﬁﬁgﬂé%s FuotimbNG r can
be readqoygu-rége%ts yécons?lg‘erl r{%ﬁ%ﬂ%fﬁ@éﬁ%ge@%?pf @H@\égﬂ‘ﬁg’% on in
conj unc GREnStiHtyre: he acconpanyi ng drawi ngs, in which; 100111 FIG 1
depicts a flow diagramof .41 nethod for fabricating a gate structure of a -

[ooos] Therefore, there.is a need in the ant for an improved method for fabricating &
- gate structure of a field effect transistor.

SUMMARY QF VENTION

fpoos] The present invention is a method for fabricating a gate structure of a field effect
trangistor. The gate structure Is formed by sequentially etching a material stack
compriging a gate electrode layer formed on a gate dielectric Jayer. Prior {0 eiching the
gate dielectric layer, polymeric residues formed on the substrate when the gate
electrode 1z etched are removed. The polymeric residue s removed by exposing the
substrate to a plasma comprising one or more flusrocarban containing gases.

BRIEF DESCRIPTION OF THE DRAWINGS

{0010] The teachingé of the present invention ¢an be readily understood by considering
the foilowing datatled descriplion in conjunction w:th the accompanying drawings, in
which:

[e011] FIG. 1 depicts a flow diagram ofja method for fabricating a gate structure of a
field effect trangistor in ac¢ordance with one embodiment of the present invention;

[0012] FIGS. 2A-2F depict a sefies of schematic, eross-sectional views of a sybstrate
2



r field effect transistor in accordance with one enbodi nent of the present
I nvention; [0012] FIGS. 2A 2F depict a series of schematic, cross-sectional
views of a substrate 2 having the gate structure being forned in
accordance with the nethod of FIG 1; tdal3l FIG 3 depicts a schenatic

di agram of an exenplary plasma processing apparatus of the kind used In
.performng portions of the inventive nethod;, and 10014] FIG 4 is a table
sumari zi ng t he processi ng paraneters of one exenplary enbodinment of the

| nvent | Viais i KRS bEjRG fortiRd e SBSraRRBR th e Rlotfdor Bia, w7 To

facilitate unhder tan I ng, 1dentical reference nuner.al s have been used,
wher e possr s‘% %o desi gnate Id ntrcal nts t ha commpn to the

figures.l Aepicly pest Hm@r Fx?'ﬁeia%réﬂﬂgﬁ RiogRFiRg

illustr a&mm ohlieETRIng used avbeerTINg poribns bf thel inverivi onethod; ance t herefore
not to be considered limting of its scope, for the invention may adnmit to

. Bﬁ ggreme qtdﬁ{fiylt:lr on' i 'a@ab?%@&hﬁ%ﬁrf%ﬁ%&{ | ngﬁg M‘J{?{Jﬁég OP I“é’w | d

“effect tembedmentof thecinvertiva methpd svhentpragsticed usingdhe appamiis ohdlé Bor  ( CMVOS)
field effect transistor. The gate structure’is fornmed by sequentially

et chi ng. fofiRtS iediindbAiierd A, SUcHiioR) R4 Enc) AGHERIPAAY Ber B55E e 2

gate d'i tric mig gate dielectric |ayer,
pol yner i pogsitdeda Qﬂ%lﬂ’eﬁw glemenis thal are opremonia thetigures) ectrode i s

~etched are renmobved. The polyneric residue is renoved by exposing the
substr at poie) wnﬂoa@gnommbwswmmwapmdedfdmmarxhﬂats:omvmxemmrgases

* Gboal mePOBIEAES oh Jalk HURBC A e INSrefaes PBh1q R e siRRsou AR ALAST

CMOS t r agsdp, for 1hs iriveatiom ray Hinit ibratheasaly effééive entsddiments. he processes
that are perfornmed upon a filmstack of the gate structure during

fabrication of the OMX transistor. ions] - FIGS. 2A-2F depict a series of
schemat i iews of a substrate having a filmstack of the:

gate. strugiy" %Ee;'x e PbifEns & mithod F0r Fileatng a §if% structure of & field
effect {ransistor, such as a complementary metal-oxide-semiconductor (CMOS) fistd
 effect transistor. The gate stucture is farmed by sequentially etching a material stack
comprising a géate ¢lectrode layar formed on a gate dielectric layer. Prior to etching the
gate dielectric layer, polymeric residues formed on the substrate when the gate
electrode is etched are removed. The polymeric residue is removed by exposing the
substrate fo a plasma comprising one or more fitorocarbon containing gases and at
least one inert gas.

foo18] FIG. 1 depicts a flow diagram of one embodiment of the inventive method for
tabricating a gate structure of a CMOS transistor 2s sequence 100. Ths sequence 100
includes the processes that are performed upon a film stack of the gate steueture
during fabrication of the CMOS franslstor.

[0019] - FIGS. 2A-2F depict a geties of schemalic, cross-sectional views of a substrate
having a film stack of the gate structure being fabricated using sequence 100. The
cross-sectional views in FIGS. 2A-2F relate to individual processing steps used to
fabrivated the gate structure. To hest jundsrstand the invention, the reader should
simultancously refer to FIG. 1 and F;IGS. 2A-2F, Sub-processes and lithographic
routines {e.g., exposure and development of photoresist, wafer ¢leaning procedures,
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cross-sectonal views In FIGS. 2A-2F relate to individual processing steps
used to fabricated the gate structure. To best i ?understand the

i nvention, the reader should simultaneously refer to FIG | and FIGS

2A- 2F. Sub-processes and |ithographic routines (e.g., exposure and

devel opment of photoresist, wafer cleaning procedures, 8 and the Ike) are
wel | known in the art and, as such. are not shown in FIG 1 and FIGS 2A

2F. The i 2A 2F are not depicted to, scal e_and are lified
For 11 (AREHES ibe) 2rm YR AEQWE i Binert i 38 FHERCATe T0h S80uh eI TN Ian ang

proceeds zmzst The Irﬁi% SM?'EFIGB OBA-BF a1h o ldegivtert &Chcﬂé’%nusarﬁofmﬁﬁmoﬁ
substrate FIG 3‘?#) The substrate 200 (e.g. a silicon (S1) wafer, and

t he Ilkef ed source regions (wells) 232 and drain regions
(wells) 234 that are separated by a channel region 236. in an alternate

enbodi merieqzo} fesigguence $0Qsarveat step 10t and prpededis ta dep 108, when m g0a
{shown i rlereardatées@a&w R rsrrmﬁt& o@é sgeétvate qﬁr@ ﬂ)%ﬁ&buw&t& aa@ &h, 4€9i on

236 from cont am nant diffuse therein from

the gate W[OB(HRyeateq aa& t%tke)mmpnsa‘w? d goyrge pegionm(wellshas ?5@ grain
dielectrirmg m*se(Weaé} 284 hhasas hematedlwladenérﬁse@%gmﬁlésssom afli difensie

o P?leserﬁbgt o 108 bt 2P0 g Jiriercoomeyine. & et (i 2OF pBPwian. |
oyer | T ‘““‘”’“""“e“"i“‘”“";‘*“‘%?ﬂ*“‘"wso“ 00, ARt Qs Ang Lo

' ggt g di el @&’ MQPQ@F’? éé% \% f“i&'tﬁ?dmg%?qtgfp g?t%x ﬁ‘@’% %%%ngo%a?ﬁ? ckness
of  aboutbarfertfimeid1snaysearnprise ardiclectiiamatelial sucthes giticen dicride (8i0;); sliiagmr 204

nmay conpry ). igh-K dielectric materials having a dielectric
const ant g'trﬁgat(e éndlﬁrégkg such as hafnium silicon dioxide (HfSID2),

Bﬁtﬂglr g {n oih‘l?l‘ﬁ 3@3@\&%& Ieh%t’g? %%M?ﬁ'&o%@sgég Qﬁg ﬁ%gga‘lﬂﬁ%% €9 ayers
- formed ofanet dgaterdMiectialayep204.dy one ekevipagy etnbécﬁment. thé patienmsdrodb ﬁy‘br The
convent | i S uBleef 7, dsnee BRRREOE S B riadars A odd soB in Bl AnesFeTR. D)
~physi cal anddthergatie disteiciricday«rr200)is forivexl of Hafrdamadioxide (4§02) tma(ﬂﬁmﬁ)ess olf as rra
e”hanced'ﬂﬁhﬂ 0 to 60 Angsiroms. Aternatively, the gate diel~clric layer 204 may comprise

one ar more high-K dielectric materials having a dielectric constant greater than 4.0,

such as hafnium silicon diaxide (HfSIOZ), hafnium silicon oxynitride (HISION), and the

like. It should be understood, however, that the gate electrade stack 202 may comprise

layers formed of other materials or layers having different thickness,

fooz2] The layers that comprise the gate electrode stack 202 may be formed using any
converitional deposition technique, such as atomic layer deposition (ALD), physical
vapor depaosition (PVD}, chemical vapor deposition (CVD), plasma enhanced CVD
(PECVD), and the like. Fabrication of the CMOS field effect transistors may be
performed using the respective processing modules of CENTURA®, ENDURA®, and
other semiconductor water processing systems available from Applied Materials, Inc. of
Santa Clara, Califomnia,

[o023] At step 104, a patternad mask 214 is formed on the gate electrode layer 206 in
-Tegion 220 (FIG. 2B), The pattemed mask 214 defings the location and topographic
dimensions of the gate structure 10 be formed. !n the depicted embodiment, the
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(PECVD), and the like. Fabrication of the CMOS field effect transistors may
be perforned using the respective processing nodul es of CENTURe, ENDURe,
and. other sen conductor wafer processing systens avail able from Applied
Materials. Inc. of Santa Clara, California, Xp] At step 104, a patterned
mask 214 is formed on the gate electrode |layer 206 in region 220 (FIG
2B), The patterned nmask 214 defines the | ocation and topographic

di mensi ons _of the te struct re to. be forned. odi ment ,

Cher e hopeupmed facea e tig) PoglamA8h Snd pPelons o B, Spurcs (HEATS. of

t he Sourczazrmﬂ 3Re c&ﬁﬁ Rigfbri h84dm|@ axpasing aﬂ%envmegienemsoﬂ@aammcent
regi ons ? BH}PE%% eI ectrode stack 202 [ 00243 The patterned nmask 214
| s gener sk formed of a.material that is resistant to

et chant s used during fabrication of the gate structure, and which are

stable d02¢cFhe paticined roask B4 5 eXwralyp bard maskfomed of fomataral ket i wp to
,.350 degr sasmﬁﬁb%wfﬁrﬁuséaedmm%watmml g@és smﬁuraobwﬁhmﬁ dr@%iaﬂlé.es and

“for et Chl ng gat e dielectric layer cussed pelow with reference
FMp

to step 89 PO éPn*@dsﬁﬂaéﬂgmﬁi&%‘F c'éﬁmq'%‘é"'% el WR e 950 A9, S
such as, cdlénwm’a heD lhte fdr Tomdlal ¢1-thB PRftnericadBIINEO HAd a8 fohihg thel yatced

Pattern FIrr APF avail aple fr lied  Materi I.nc. of Santa

q ara. féa G F1EhBsed Retow il isBns o stk 168)- IhdinmtRRiee maghnc

pat t er nedzmaﬁiaygﬁn pfisd @ieman@fmaahaleomoﬁl s.l diaodrsldmade [(emaﬁ] odarbon
atterned_nas e L ec ayer

IC2)21 (sho&ﬁ "ﬁr )r |4fh"§ P?Ffl%lr% ég%)a,p‘ %}ﬁt ﬁ)‘f"i‘ l?lﬁe i t‘gelﬁc}onyof

| i ght usdiatedals,pat efr Sarth ClarasCalifdmid) candithe Idxezmeow Hustratide @ethodiment,

I ngccur a(ii.lu%ﬁ ﬁ;}i@ﬁm?&?h é}s& nogt;:@tﬂ?{ﬁ%%)pr ocess can arise from

opti cal PR S t are |n rent t hographi ¢ process. such as

fight reflection. The anti-reflective |ayer 221 gt[corrprlse for. exanple,

si[icon 0925} dBe materaed mash SiAmaydfurther T AL OPaneb gnti-elicciive layen
appl yi ng Zehe(sﬁﬁkﬁ itheskoRBS linsklth FICE 2B R4t dfrols§ BE reﬂ@csﬁaheaf Rt usethmonl y

assigned U, S. patent applications seri.al nber 101 45, 130

St oboPakEn BE DAtk ABTPRIE Heth el i) IPESHRORA I e o) nmfkﬁ)@#

». 10/ 338 ‘2 %hnsfer process can e.rlse from aptical fimitations that are mherent to the lithographic
' process, such as fight reflection. The antireflective layer 221 may comprise, for
example, silicon nitride (SiaN4), polyamides, and the fike.

[0026] Processes of applying the pattemed mask 214 are described, for example, in
commanly assigned U.S. patent applications sefial number 10/245,130, filed
September 16, 2002 (Attomey docket number 7524) and serial number 10/338,251,
filed January 6, 2003 (Attorney docket number 7867), which are incorporated herein by
reference.

[0027] At step 106, the gale electrode layer 206 Is etched and removed in regions 222
forming a gate electrode 216 (e.g., polysilicon gate elecirode) (FIG. 2C), The gate
electrode layer 208 may be plasma etched using a halogen-¢ontaining gas mixture
comprising one or more halogen-containing gases such as chlorina (Ck), hydrogen
bromide (HBr}), carbon tetrafluoride (CF,), and the like, The halogén-containing gas
mixture may optionally includé an ineri/diluent gas, such as at least one of nitrogen
(N2), argon (Ar), helium (He), neon (Né), and the like. In ene embodiment, step 106
uses the pattemed mask 214 as an eteh mask and the gate dieleetric layer 204 (e.g.,
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filed January 6, 2003 (Attorney docket nunber 7867), which are incorporated
herein by reference. to027i At step 106, the gate electrode |ayer 208 Is
-etched and renoved in regions 222 formng a gate el ectrode 216 (e.g.,
polysilicon gate electrode) (FIG 2C). The gate electrode |ayer 208 may be
pl asma et ched using a hal ogen-contai ning gas m xture conprising one or
nor e hal ogen-cont-ai ni ng gases such as chlorine (Cl2), hydrogen brom de

HBr) , Lah ' the |ike, The hal - t ai ni
it U o Tl GBI & o borBler G 1 Lent gas, euch as af I east one
of nitrogen 5étNZ), ar%ﬁn (Ar), helium (He), neon (No), and the like. In one
embodi nei%?%ﬁl &P fecan, be peramerhin aprieh feaskorsten-as arDescipladaBlasmad
t Pe- g?t egelireh 8&129320 ult radefo r§&4tr(ee CIENTMEQ%EW. CHoPnth ?%Ldli?yafaglaﬁé %ﬂet ch
Decoupt CRPRIHCHATElR, 45, of S5 (lame Galgria, The,DPG-Hronsr st anpower
ggmr ci Qddnyqr qven Iaabh_euétmmt coupndd adtabartd @Wucé@-hi@ﬂd&%ain@mwd Y

i forn react,or .uses .a.po urce (1.e., nducgt i ve
coupl od P ERSTE- o JHRENEE i BRaBE e A Py, FounPdb A" To
det er m nay leiscelndlyderan endading detediiopraystessthat ivonBBE plasmaagmissionsmay aal so
L nel ud i . , X : b t
parti cul {'ﬁ‘“ﬁﬂ% ey IO 11 BloBed B0, PR B PRI SRIC 3™

interfer Bry, and the like. (oaasj In one illustrative enbodinent, the
gate el ectrode |layer, 206 conprising polysilicon is etched in the DPS II

“reactor htompﬂﬁvi(m& riﬂud‘tsaﬁt QQ?iﬁﬂbmiﬁ{ﬁhﬂe?fegghge %eg&oclfﬂ RYef ?ﬂﬁ %m%ﬁgﬁtgcfgo
scam cC Il rate 0 corn (4e, r.
flow rat #@#’ﬁaﬂ%ﬂf@n‘riﬂ'ﬁ % 183G by %%(ar?.!!?" mide Gipri gt @ of 0.
to 200 tvamgtexf20/ionGOPacem, chiodme (Cigluat a \elvyrats up 2o toadToe sevmn Ifgs. vaen 200
and 30004¥\-c sl Y a0 I n and. 3
mai nt ai (r::tling aq"&g’[_ @'B%ﬁgﬁgﬁﬁﬁg@b@?m%ghﬂg@%ﬁghggﬁ d%@?‘ge'g‘%gﬁ)%}%gagt a
pr essur eSSCAL 1aPRIYIDORRWS! thamiiciuctivaly wenled antenna G@twiin 200 @nd 006N, ar y
process g &5 chitdHB asiEs Yower de intaj c
chl ori neﬂﬁ(jwlzgj at a flow sr'at'e of é?(‘f)’-égfz)(?r- r@?lﬁgw?qﬁ?ﬁ%ﬁ% %W%'er
2 - tempardfure between 20 and 80 degress Celsius at a pressure in the process chamber
betwesn 2 and 100 mTorr. One exemplary process provides hydrogen bromide (HBr)
at a flow rate of 40 scem, chlorine (Cl) at a flow rate of 40 scem (j.e., 2 HBr:Cl, flow
ratio of about 1:1), nitrogen (N2} at a flow rate of 20 scem, applies 1100 W of power o
the inductivsly coupled antenna, 20 W of cathods blas power and maintzins a wafer
temperature of 45 degrees Celsius at &4 chamber pressure of 45 mTorr, Such a process
provides etch selectivity for polysilicon (layer 206) over hafnium dicxide (layer 204) of
at least 100:1, as well as etch selectivity for polysilicon over silicon dioxide (SiO.)
(mask 214) of about 10:1.

feuze] During step 106, a portion of the matetial removed from the gaté electrode layer
206 combines with components of the efchant gas mixture (e.g., halogen-containing
gases) as well as components of the mask 214 forming non-volatile compounds. $uch
non-volatite compounds may become re-depasited onto the substrate 200, forming a
polymeric residua layer 207 (shown with broken lines In FIG. 2C). The polymeric
residue layer 207 is typically found on/the mask 214, the sidewalls 205 of the gate
electrode 216, the surface 203 of the gate dielectrie layer 204, and elsewhere on the
substrate 200. The residue layer 207 may typically have a thickness of about 10 to 50
6



ratio of about 1:1), nitrogen (N2) at a flowrate of 20 scorn, applies 1100
Wof power to the inductively coupled antenna, 20 Wof cathode bias power
and maintains a wafer tenperature of 45 degrees Cel sius at a chanber
pressure of 45 niforr, Such a process provides etch selectivity for
‘polysiiicon (layer 206) over hafnium dioxide (layer 204) of at |east
100: 1, as well as etch selectivit% for ggly3|llcan over silicon dioxide

a

(9i 02) Angsrmsrgjossthelgsagraplye surtacesabiiamubiftagfht ep 106, a portion of

the material renpbved fromthe gate el ectrode layer 200 conbines with
conponengpeanp Theppheharitamtidgea $ayer 207 = gérerally, rehl&laugm'meoemhichem’gmegas es) as

| Such
hon- vl a4acieF dhaml Mwég%&@a%é Rt BhB B i tetorn SO I RHG 1D 0
f or mi ng @elo\pbw@mcurﬂ@%@ aéeamgﬁelaw(?ﬁ?(i%rﬁwwewfqom Bwoﬁs@ﬁmﬁr?é’e Y8 FIG

.2C) - Thedtﬁﬁ:hwﬁé'ﬁccu i Gughe! gaters@emre Py B Qdhipyorhied i tl’ﬁﬁgﬁﬁSk 214.

the sideya e ga tro e, 216, the surf e gate
di el ect r?l'ell i ﬁﬂ&’&q \)(ﬁf oW ‘t'ﬁ'eme ﬁ{? ptlzgygn%ngqﬁ. "%ééhdue

| ayer 2t03ﬁglm¥ 21)1mfdhb rgsidwaylayer 207 may estsaé muha\g:gg agviﬂﬁ}ﬁﬁ_rtﬁaglﬁt Ir onms
across . Eooo e polyneric
resi due P%/ %ﬁﬁ?@%%ﬁﬁfﬁgﬂiﬁ&s‘{&anf&@ﬁqﬂ%ﬁe ‘ch chenistries wused for
108 “bel 8 é‘%ﬁqﬁ" %S&éééﬁm%%ﬁé BV aRoNR ol PR EIR ¢ he.
substrat I%yé?uoﬁm ishetecheti ire rajions B220(GS.221)-265. Ih hyengral temisr B’(EPU‘I’QB sEs be n
conprom | YV 4 tterne

I n one eé%}q@& % %ﬁgch%%ﬁe%ppgaégn@& %%rﬁ}dﬁe resi a@‘%r 207 may
act as aPeieRmc fesidugdayer RPTisremevey fofiawed ky a gponpd Wﬂﬂaﬁﬁ"l%’e‘é’é which wi dt h of .

t he gat eypigauséidletrib®yapzd i BRthed) OM At step 108, the polymeric residue
| ayer 207 is renoved and the gate dielectric layer 204 is etched in

rleg!s(rzgse@&%](rocesses co ﬁ? ti maag’g?l quGy? vvh: glh t he

_ poI yIer | BSlﬁéﬂthﬁfeW‘&‘}%?d g’h f@“ﬂ@nﬁﬂlécﬁfﬂgﬂ PERess S?a'ﬂb%feﬁﬁnd"‘ls i¥eriod 112
i N whi Chexdrlifie At DELAS wlhsmméafoeaﬂ T&n@éﬁhﬁ@ (DPQ"l-ﬁf)fdelﬂerﬂfét and.

second t R R AR St Tho S P nddbie s a0 bR& i ol e2bi Five generally
similar configurations, however, substrata temperature in the DPS-HT module may be
controlled within a range from about 200 to 350 degrees Galslus.

[e034] In one embodiment, steps 106 and 108 are perfarmed using efch reactors which
are components of a single CENTURA® system. Step 106 may be performed, for
example, in a DPS Il madule of the CENTURA® system, then the substrate 200 may be
transierred through a vacuumed plenum of the system, using a resident wafer robot, to
the DPS-HT module of the same system, in which step 108 may be performed. Such
an embodiment protects the gate structure being fabricated from contamination caused
by exposure to a nan-vacuumed portion of the manufacturing environment and
increases productivity for fabrication of the gate steucture. '

[083s] During the first time period 110, the polymeric residue layer 207 Is removed from

the sidewalls 205 of the gate electrode 216, the surface 203 of the gate dielectric layer

204, as well as elsewhere on the film stack 202 and the substrate 200 (FIG. 2D). In

one exempiary embodiment, the first time pericd 110 uses an isotropic plasma eich
7



usi ng either dedicated etch reactors or a single process chanber (i.e.
in-situ), for exampie, in a Decoupled Plasma Source-H gh Tenperature

(I MPS-HT) nodul e of the CENTUHAe system The DPS-HT nodul e and the DPS 11
nodul e each have generally simlar configurations, however, substrate
tenperature in the DPS-HT nodule may be controlled within a range from
about 200 to 850 degrees Cel sius. 100341 In one enbodi nent, steps 106 and

108 are, r S| etch re actors which are conmponents of a S|ngle

ORGSR 3 7 e e* masp thispElbg carveian -

modul e ofe.tg et tairﬁﬁwi;iae(ﬂﬁl. irifluotdmetharies (CHE.3, fRQBetIaNDECFLY, amw r ed

t hr ough L the.s n

the. ors- eV TEeacPofiiBleties' €T, HbSH el AtfrC Ak el el BB e RS, e

Such anleo¥opi masmap rpsocasses t panetpilye usé r achighadebsihyn pldsiba | sauresl fergm

contamn t

- manuf actﬁ?’dl ng envﬁ@ﬁ@aﬁwgamkrﬂggﬁpro uc %&Pg%%éggag’ %P I oh of
t he gat e 8Bo¥YRROHegress Celsiye), mydditte (ﬂquﬂfﬂfwemﬂn@bcmﬂw Wher nsoliendr i c

© resi due Wyfibs#8té tigs.r enoved from the sidewal k 205 of the gate el ectrode

el6, the surface 203 of the gate dielectric |ayer 204 as well as

| sewh t bst FIl G 2D
exorp! ar Pl BAmR oY EERpodmeRl s BSyRERE teobibdalraniie Braiusiites ma
etch 7 PreoBBSHT madutsi Ingpwvlgm mrhaamtehaﬂumﬂal (©Fapaion dowratenafe20 to 200

fl ! 1
{1 vorocaslan, ARG IR ERRY e 5 610G AR b LU S b .,
one i ner froga5(te 404), amlmﬂ)gewemze)n lndﬂ@b'ﬂ&(@pl&drmﬁmqa\bm&mﬂmmd i ke) .
| sot ropi oo a§TE PR 80! 868 Ay 'pwawuﬁeofan&vg 2l NihahY 058 WOk
(e.qg., |nduct|v | asma source evated su rate té&nperatures
(e.g., afnaniaiging s t%ﬂefé Qégﬂ'eﬁélzsﬂolﬁ)d 35(hdegrees Celsius 2t 2 prassurgr eat er
than abols thidOpidbesy ciimntidr. tﬁa’maéh 2Vinds 80 THRT 6. SOk %ﬁembia%?ﬁ}odeﬂs Ph&ides

illustra the p r|c residue | a | s renoved using
t he DPS—EF %ﬁgwﬁg {fre?r} 190iPm 3ﬂ rrate-of ﬁqmrﬁ & CFyNg flow raioof 1 at e
of 20 toabed 5:5) appiies wumg\arnof(mw)erao tise Bhienng 20 W of bfast;ﬁbvléipn'&ﬁﬂﬂhé a- €., a
CF4: N2 f EEQF;'.O 1 lyin r.to an
| nductively couBi 'g i&g{g g m&gﬁm%oﬁégﬁd)mﬁﬁpeouﬁ v, Sich A process
provides etch selectivity for the residue (fayer 207) over hafnium d:o:«dde (layer 204) of
at least 50:1, as well as etch selectivity for the residue (layer 207) over polysiticon
(layer 216) and siicon dioxide (SiOz) (mask 214) of about 1:1 and about 1:1,
respectively. The duration of the first fime period 110 is generally about 10 to 15
geconds.

[0037] During the second time period 112, the gate dielectric layer 204 is etched and
remaoved in regions 222, thereby forming a gate structure 240 in region 220 (FIG. 2E).
in one exemplary embodiment, the second time period 112 uses B gas mixture
comprising a halogen-containing gas (e.g., chlarine (Clz), hydragen chiaride (HCI),
boron trichloride (BCls), and the like) along with a reducing gas (e.g.. carbon monoxide
{CO), oxygen (Oqz), and the iike) for eiching the hafnium dioxide (HfQ) high-K gate
dielectric layer 204, The second time period 112 uses the pattemed mask 214 as an

etch mask and the material comprising ghe substrate 200 (e.g., silicon) as an etch stop
layer.

[ros6] In one illustrative embodiment, the gate dielectric fayer 204 comprising hafnium
8



2000 W applying a cathode bias power of not greater than about 30 W and
mai ntai ning a wafer tenperature between 200 and 350 degrees Celsius at a
pressure .lIn the.process chanber between 2 and 50 niforr. One exenplary
process provides CF4 at a flowrate of 100 scam Nx at a flow rate of 20
scorn (.e., a G-4: N2 flowratio of about 5:1), applies 1000 Wof power to
the antenna, 0 Wof bias power, naintains a wafer tenperature of 350

degrees Celsius, and a pressure of 4 nforr. Such a process provjdes etch
sel ect i vidigidels etehed indhel P S-HIywedUEging adas Hartre ncuding ehiornmeAflds) abos) of
at | east o pmidS sgélgh VA t ' loPMRT sckldy) over
pol ysili cagﬁo‘qr{?%y%f\r@?lgﬁégn gﬁﬁéﬁﬁdg}ﬂﬁggfiéﬂgllggldfﬁégg‘ﬁg(m)., o?_ bout
1:1 and dB@ta BIZCO flew faliq ranging f'ﬂ'ﬁe“ﬁdpaﬁ:?)@)rﬁpﬂ\‘y"{gl‘r%o“f’?rr‘&a'f' A od 110
i's gener %Ple@t&?ﬂénnjaoaﬁﬂétﬁ&n aetrandigood VO 2fplyiRY al caghddweniae power iétweemer i od
112, the gate dielectric {'ﬂ%e_r 204 js etche&gand re d LNaddf 222,
t her eby fORAARPO Wy ANE TRINIRHG 2 ‘Qﬁ{?ritﬁmf’%‘a B b 9("\:”2@ apgh < ?hﬁg%‘é
“exenpl ar yCelgine ditre pressule irs @0 prbckssrehgraberodi bétveene® wndgd@0 miarur@ne
CEmP" ! i SRS Bl PRIkl o 4R Sk U ASBuaE! o [
g} e].cg: , cdp@mtmihwxiatbof{mm(i.e?ﬁﬁsﬁ(xlm ratiaofiaboid 1I:1)kappif&5r1169(w;d ? the -
af ni um : - Y, : i me
per i od 11548 PRIMBleEl bl griafiel FW oF st 16 ind"uRRiCRAd
conpr i Si lngahtam bswafer dsrap@atiee ¢f 358idegens) Cflﬁluarﬁtea @ha@bédgqua‘}férqf_ 4 o361
n one i r !ﬁgpéggl Slch 1 3 Q) hiyesi NY
haf ni-um 'lgﬁ}gfrb%mggs__s etcf%%ﬁ??lstg e PPS- %Dgfﬁ: géﬁlsdltﬁﬂﬁgu gﬁm Xt yrez
| ncudi ng 204 veneolydticen eaclor slicet fiayar@dpubEtiats 206) ot eLleastE 8 WEbAS i de
(CO) at aeith @ulebmig 16F hainiuth GBS GID P (186 26a) blarilicoh idioxdd(i0) (fvaskn 1: 5
to 5:1). %%%bg%tﬁs@mﬁr to an inductively coupled antenna of between 200
and 3000 "d cathode bias power between 0 and 300 W and
mai ntai ning a water tenperature between 200 and 350 degrees Celsius at a
pressure s A3 gepcidds tht paemedf mpek Rad ds.optiomalio orerered, frorpibe gate
LILUStraliieaRe eOé&éS(Fﬁt&PM.é%raééseéé' 6r (ErhoVingtthd ph@¥mbat fask H spem
"~ . deseribed, for example, in commonly assigned U.S. patent applications serigl number
10/245,130, filed September 18, 2002 (Attomey docket number 7524) and serial
number 10/338,251, filed January 6, 2003 (Attormey docket niumber 7867), which are

incorporated herein by reference.
[0040] At step 116, the sequence 100 ends.

po41] FIG. 3 depicts a schematic diagram of the exemplary Decoupled Plasma Source
(PPS) 1l or DPS-HT steh reactor 800 that may be used to practice portions of the
invention. The DPS i and DPS-HT reactors are generally used as process modules of
the CENTURA® system available from Applied Materials, Inc. of Santa Clara,
California.

. [op42] The reactor 300 comprises a process chamber 310 having a wafer support
pedestal 316 within a conductive bady (wall) 330, and a controller 340.

. ; '
[0a43) The chamber 810 is supplied with a substantially flat dislectric ceiling 820 (e.g.,
DPS 1l, DPS-HT modules). Other modifications of the chamber 310 may have other
types of ceilings, e.9., a dome-shaped ceiling (e.g., DPS Plug madule). Abave the
9



(CO at a flowrate of 40 scxrnh (i.e., a Cl2:COflow ratio of about 1:1),
applies 1100 Wof power to the inductively coupled antenna, 20 Wof bias
power to the cathode and maintains a wafer tenperature of 350 degrees
Cel sius at a chanber pressure of 4 niforr. Such a process provides etch

sel ectivity for the hafnium dioxide (H 42) (layer 204) over polysilicon
and/or silicon (layer 216, substrate 200) of at least 3:1, as well as etch

| ect
(S105) (melligsa0s &*‘H“S%ﬂ Safiekd TRk R BAloy Foushl Catdnani o
214 1s, offeofraRXiy elemepta-812 ammshawnydite '“§t’¢tlY8t‘H?“ee'm"E lﬂﬂé's ;mypled

Pr OCGSSGSﬂ'erﬁgH anfirét eatétingg Paivic?k 2Ad, KRakpiddia Pover dRwRdd BEE. Tﬁ IWI e,

T e S b SRR S BRI o SRR B i

10/ 338, 251eqiiedoydn daange fyorfi 50249&30(131&33&!3; docket nunber 7867), which are
d.ncorporated herein by reference. [0040) At step i 16, the sequence 100

P N it i b s o e

practice petwq ahesmsrnmeewcaﬁaa mmasmmpww aeae;aWe

‘general ly @(ﬁﬁg fyt at gﬁ}}l I om
Appl ied l\/%dtjerl :'i'ﬁ‘ﬁ'ﬁﬂ ﬂggtbgé_wg;gfmu |f%’rpﬁe§é¥ h%%%e@%ﬁ%r 300

conpri ses PRS/HGRMNES T%Pﬁé‘mgﬁWWP%%Pbﬂﬁ?‘éPW%dB he’;ﬁ’%@%@'@?"@iﬁ‘% t hin

a conduct biseingqudxvelr salidcy 333 Mnayetiela B <ddl BT s@di@e. t oaerai The chanber 310
IS. supplied with a substAntially flat dielectric coiling 320 (e.g.

11, DPS- h
Cyves o oRicthe TherdieP 810 Eaitpis6e il UMbl bracBiuif SRR IBER B e Aageaeggt .
 Above ¢ heS48, ansl SnRQr HirouitesB4R I9pBIAP 344 ANd fRiNEA SRRERRY e corBRanenbh e
i nduct i ve of §id oift{nfhE 10348, abtsih C@rtﬁé'aémsﬂoeawta% didedis368 bW furthe

i nductive coil element 312 is coupled rough a first ratchi ng -network
313, to adﬁ'faélsrra power source 318. The plasma power source 318 typically
S capabl e of producing up to 3000 Wat a tunable

_[eoa6] [n operation, a semiconductor wafer 814 is placed on the pedestal 316 and

- process gases are supplled from a gas panel 338 through entry ports 326 to form a
gaseous mixture 350. The gaseous mixure 350 is ignited into a plasma 855 in the
chamber 310 by applying power from the plasma source 318 and biasing ponifer source
822 to the inductive coil element 312 and the cathode 316, respectively. The pressure
within the interior of the chamber 310 is controlled using a throtile valve 327 and a
vacuum pump 336. Typically, the chamber wali 330 is coupled to an electrical ground
334. The temperature of the wall 830 is controlied using liquid-containing conduits {not
shown) that run through the walt $30. |

[oca7) The temperature of the wafer 314 Is controlled by stabilizing a temperature of
the support pedestal 316, In one embodiment, ihe hellum gas from a gas sourcae 348 is
provided via & gas conduit 349 to channels (not shown) formed in the pedestal surface
-under the wafer 314. The helium gas is used to facilitate heat transfer between the
pedestal 816 and the wafer 314. During processing, the pedestal 316 may be heated
by a resistive heater (not shown) within Ithe pedestzal to a steady state temperature and
then the helium gas facilitates uniform heating of the wafer 314, Using such thermal
control, the wafer 314 is maintained at a temperature of batween about 20 and 80

10



frequency in a range from50 kHz to 13.66 MHz. foa44] The support pedestal
(cathode) 316 is coupled, through a second matching network 324, to a

bi asi ng power source 322. The biasing power source 322 generally is
capabl e of producing up to 500 Wat a frequency of approximtely 13.66 Miz.
The biasing power may be either continuous or pul sed power. In other
enbodi ments, the biasing power source 322 may be a DC or pul sed DC source.
(ac4s] The control l er 340 conprises a central processing unit (CPU) 344, a

menory d@ﬁamﬁelwqdpnme DPS dunbould 4bbéteeh HBoEIA034rH 350 dégrebs Colias
control \%fr g,gﬁg of the chanber 310 and, as such, of the etch
process, scusse gl'ow in further detail. to In operation, a

sem conductor wafer 814 is placed on the pedestal 316 and process gases

are supplofsy Thosgskiigd i ﬁb&rﬁ’éﬁ wil yadersiandghatatbenetelochamisare may beusadio
gaseous prastiod §hd Hvertios, BRRRMIE cﬁhﬁﬁbafsewﬁﬁ?reh&té gnéérﬁéi éd"ufréésg 193(!.-&:% 355

in the ch er 310 cgééaiéf 1% ower from source '
*-bi asi ng fondgEonam apfe ambers: Bd&ﬁ’ikeel enent 312 and the cathode
316, respectively. The pressure wthin the interior of the chanber 310 is
cont r ol | Ge#eh Siich daciliteler contrek of atheep@2@saciamber 340 uss plespritias abdyei mal | v,

{onper at o %?2‘*9 b o aff tdrh & hefiefihlupo0 pBnBHAT prodleor 't ceBnaui « s
(not  sHwWFed iman dndustial seing derocantiolling 3@riopsrghgmbrers arehmdrprocessons. t he
waf er 31thd SRRy Bak I@%ﬁgﬁ:@@ﬁ% Rfédfart, STREY i purs‘am baona'd

a :
pedestal 316, ment, t rom a g s source 8 is

pr ovi ded®fyEadi 5( ggatﬁg memary stolvas mNgRRAREESS MEBIons (RAM), read nelyt memariie
pedest al (R&m), aoapy aisR|erfard IRK)SF Sty GAdr folh @t h@rw:%aaé |b&1tb$§§mhfé fpei litate

heat tr t he edestal 3 the waf ér 314

processfé@hgft ﬁgg?zﬂ’eﬁgp%a btg réé‘tl%m SHPP%FStth%é’"PR?&F@'r ir'(ihot
shown) Mﬂwqfilel pRRfeet.aThise wmtead;ﬂudé a:iaehé eﬂméﬁhwm:eﬁﬂdlock hedruitd)

hel i um Qﬁﬁn’rf t fe er .314. uc ther mal
control, t héﬁ%#t é@@ s%;&&ﬁt%lﬁ% W?% | ﬁla% W'ﬁ%@ﬁ but 20
and 80 féOfaegPéég mmgwlﬁm 8% a sftviPe mnunmdmmmwmmm mag Hlsc2B@ and

.. 350 _degrm&d GPlifdr ékecuted by a second CPU (nat shown) that is remotely located from the
hardware being coniralied by the CPU 344.

[0os0] FIG. 4 is a table 400 summarizing the procese parameters of the isotropic
plasma etch process described herein using the DPS HT reactor. The process
parameters summarized in column 402 are for one examplary embodiment of the
invention presented ahove. The pracass ranges are presented in column 404.
Exemplary process parameters for removing polymetic residue layer 207 are
presented in column 406. It should be understood, riowever. that the use of a different
plasma etch reactor may necessitata different process parameter values and ranges.

[0051] The invention may be practiced using other semiconduetor wafer processing
systems wherein the processing parameters may be adjusted 1o achieve acceptable
characteristics by those skilled in the art by utiizing the teachings disclosed herein
with_out dEparﬁpg from the gpirit of the invention,

[e052] Akhough the forgoing discussion referred to fabrication of the field effect
transistor, fabrication of the other devieas and structures used in integratad circuits can
benefit from the invention.
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for the DPS-HT nodul e. [0045] Those skilled in the art will understand that
ot her etch chanbers may be used to practice the invention, including
chanmbers with renpte plasma sources, electron cyclotron resonance (ECR)

pl asma chanbers, and the |like. [0049) To facilitate control of the process
-chanber 310 as descri bed above, the Controller 340 may be one of any form
of general - purpose conputer processor that can be used in an industrial
setting for Sﬁgﬁrollin vari ous chgnbers and sub-processors. The nenory

342, or WERHIEIe Ihe lofpoengdsdiertadstorthe Wysiragve embpdinenhef the pesent of
readi |y iavention lotheream Juride enitfolraents 'of 66 SRveritBAMYY RANbviséE Iathem Y

menory l.op, di sk, hard disk any other formof digita
st or age,('(k%?:'((‘;}c\@;[,el %Pmr qaeﬁ.?c ofpe @ﬁﬁﬁi’r‘?"‘gp}%ﬁ%ﬁp@ 'gﬁ@%?%gﬁﬁ%l@ B%othehe cPu
344 for deipedhat foow.he processor in a conventional manner. These circuits
‘i nclude cache, power supplies. dock Circuits, input/output ci=ltry and
wSubsystens, and the like. The inventive nmethod is generally stored in the
menory 342 as a software routine. The software routine nay also be stored
and/ or executed by a second CPU (not shown) that is renotely |ocated from
the hardware being controlled by the CPU W 100501 FIG 4 is a table 400
summari zing the process paraneters of the isotropic plasma etch process
descri bed herein using the OPS HT reactor. The process paraneters
summari zed in colum 402 are for one exenplary enbodi nent of the invention
present ed above. The process ranges are presented in columm 404. Exenplary
process paraneters for renoving polyneric residue |ayer 207 are presented
in colum 406. It should be understood, however, that the use of a
different plasma etch reactor may necessitate different process paraneter,
val ues and ranges. [vast] The Invention may be practiced using other
sem conduct or waf er processing systens wherein the processing paraneters
may be adjusted to achi eve acceptable characteristics by those skilled in
the art by utilizing the teachings disclosed herein wthout departing from
the spirit of the invention. [00521 Although the forgoing discussion
referred to fabrication of the field effect transistor, fabrication of the
" other devices and structures used in .integrated circuits can

12



benefit fromthe invention. 11 1U0s3 W 1llle the foregoing is directed to
the inustrative enbodi nent of the present invention, other and further
enbodi ments of the invention may be devised without departng fromthe
basi ¢ scope thereof, and the scope thereof is determned by the clains
that follow 12 What Is clained is: A nethod for renoving post-etch
residue, conprising: (a) providing a substrate having a pOlyaillcOn | ayer
formed an a hafnjurn- containing layer, (b) formng a pattened nasK on the
polysillcon layer, (q) plasnma etching the polysilicon |ayer, wherein a
polymeric residue is deposited an tMe substrate; and (d) renoving the

pol ymer i gyHA % @i4hddShng a plasma conprising orte or nore
fl uorucar bon-conW ni ng gases. 9. The rnethod af claim| wherein the

haf ni um gont a ' erial.selected fromthe group
oonsi sti ﬁ'g ofA %ﬁ@ﬁ%{;ﬁ‘?@%ﬁ%ﬂﬁ@% %ﬂssﬁ%rcon dl oAde (W5104,
haf ni um si | i c{ah rreyidingddesttiatrateOhiving a polyFiicarmiaves foufied |ari m hafniverei n t he

-fluoroca - |.ning gas of step (d) conprises one 'Or More gases
sel ected rgﬁﬁﬁ%?ér?oup consisting of carbon letrafluorlde (CR),

t f f | uor omet hz{bhéonnimga patigrmed mask 8bthapeysiicendavers. The met hod of claim |

(Wherein the f(eyQiagARPBRNAGNIY Hojaiiests |8fers Herdid) a NaBlyteris el vist ¥ T 0T
t he pol ﬁerl ¢ residue over "the hafnium containing |ayer of at |east about
5. The nHEEPR5EedENS SHPSARHA n t he f1 uor ocar bon-cont ai ni ng gas of step

(d) has a sefdpabmeving therpdiyrerdtotesious geifg s pldsmaviemidsthgd Ohe wirirhéreon
| ayer ofﬂat Ielga'é 1: . 1. a. The nethod of claim1l wherein step (d) Is
per f oned Hprogd FPHP&""?%%?Pature bet ween 200 and 360 degrees Cel sius, 7.

The method of claiml| wherein th~ step (d) conprises:
2. The method of claim 1 whereln the hafnium-~containing layer comprigas a
material selected from the group consisting of hafnium dioxide (HIO:), hafnium silicon
dioxide (HfSi0), hafnium silicon oxynitride (HfSION).

3.  The method ¢f claim 1 wherein the fluorocarbon-containing gas of step (d)
comprises one or more gases selected from the group consisting of carbon
tetrafiuoride (CFa4), trifiuoromethane (CHFs) and fluoroethane {CaFs).

4. The method of claim 1 wherein the fluorogarhon-containing gas of step (d) has a
selectivity for the polymeric residue over the hafnium-containing layer of at least about
- 50N,

8. The method of claim 1 wherein the ﬁuomcarbon-mnmining gas of step (d) has 2
selectivity for the polymeric resldue over the polysilicon layer of at least 1:1.

6. The method of claim 1 wherein step (d} Is performed at a substrate temperature
between 200 and 350 degrees Celsius,

7. The methad of ¢claim 1 whereln th? step (d) comprisas:
praviding carbon tetrafluorida (CF,) and nitrogen (No) at a flow ratio CF4Nz in a
range from 1:5 to 40:1;

maintaining the substrate at a temperatitre between about 200 and 350 degrees
18



provi ding carbon tetrafluoride (CP4) and nitrogen (N2) at a flowratio
OF4.-N2 ina range f nm1l:8 to 40, 1; malntaining the substrate at a

t enperature between about 200 and 350 degrees is Celsius; applying power
to an inductively coupl ed antenna between about 200 and 2000 W applying a
cat hode bi as power of not greater than about 30 W and nmintaining a
chanber pressure between about 2 and 50 mforr. 8. A nmethod for formng a
gate structure of a field effect transistor, conprising: (a) providing a
substrate_having a gate electrode |ayer forned on a gate dielectric |ayer
over a pIGPﬁﬂFﬁy of transistor junctions defined on the substrate; (b)

formng a pat tgphath FBREr 148 dGEivalyTalsled antthind TR weer ABoBF00 dfidezugtode

| ayer, (c), plasnma etchl ng the gate electrode layer to define the gate
structure*fherein, wherein a polyneric residue is deposited on the
substrat e; (d)appamyhmgtmue bael power bEnotepeaterctnas eboutsB0 W; asda conpri si ng

Gi'el octri e 1 ayERRERAR AR Pt Blopd eBRpER Ll ol SR ARLER. T ° T o O ©

‘claim 8 wherein the gate dielectric Layer conprises a material selected
fromthe group consisting -of hafniumdioxide (HO02), hafniumsilicon

di oxide gHf Slﬁaiemmmrmﬁgégaemuﬂwm 614 figid @ﬁ@&lt@%mdrpmﬂhem@t hod of ..
cl ai m 8 wher ei the at e elq%t rood er cOo rgti ROl s 8 11. The =
met hod of cl ai rRrehg; 3 § t’é*PeE% YR gal "E@ft ® ﬁ(%f{?f'ﬂﬁ WLGLEAME al 1y
} ln one pr giemﬂmey@fw&bﬂblurémy ommsrmarmmbhoﬁs déﬂnemcﬁl theaubstnatehe
uor ocar bon- S one 0
sel ected from @ﬂi qﬁ%% @%F?ﬁ' ‘{ W@Qé"gé‘&fﬂ P8 pﬁe%?&%
trifluoroleyehane (CHFF) and fl uoroethane (021 s)_ 13 The nethod of claim8
wherein tVe f1QpLAGAIPABAAG M bRe WodtRe tye? 16 Befifh 1225t structure thereln,
wherein a polymeric rasidue is depositsd on the substrate; '
(d) removing the polymeric residue using a‘plasma comprising one of more
Hluorocarbon-containing gases; and
(e) plasma etching the gate dielectric layer to define the gate structure therein.

9. The method of claim 8 wherein the gate dielectric layer comprises a material
selected from the group consisting of hafnium dioxide (H{Os), hafnium silicon dioxide
(HISIO2), hafnium silicon oxynitride (HISION). ‘

10.  The method of claim 8 wherein the gate electrode Jayer comprises palysilicon.

11.  The method of claim 8 wherein the steps (¢) and (o) are performed sequentially
in one processing chamber.

12.  The method of ¢claim 8 wherein the fluorocarbon-containing gas of step (d}
comprises ong or more gases selected from the group consisting of carbon

tetraffuoride (CF,), trifluoromethane (CHFs) and fluoroethane {CaFg).

18, The method of claim 8 wherein ﬂ;{a fluorocarbon-containing gas of step (d) has a
selectivity for the polymeric residue over the gate dielectric layer of at least about §0:1.
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selectivity for the polyneric residue over the gate dielectric |ayer of at
| east about 50:1. 14 14. The nethod of claim8 wherein the

fl uorocarbon-contai ning gas of step (d) has a selectivity for the

pol ymeric residue over the gate electrode |ayer of at least 1:1. 15. The
met hod of claiim 8 wherein the at |east one inert gas of stop (d) Is
selected fromthe group consisting of nitrogen (N2), argon (Ar) and neon

(Ne) 16. e I strate
tomperai ure. petpaetien f e MGG GGyt com Gl SR (R VR T S
wher ei n t felechwy ?fd?eeewﬁwﬁgé%ﬂdtﬁrwmwtesleﬁwee lawerof aldpasyd:ic CFA) and

nitrogen (N2) at a flowratio CFA -NP In a range from1:5 to 40:1. 18. The

met hod of Ial erei.n the ste ses rovi di ng.car bon

Lot rat | uodbue. TREmPGRER! HAM RSP ot SaRiang s e ttstap ) if Relattetange
fromt Sfmmmegtoumrﬁtsﬁnglbﬁmm Naf) kg Anpdndendon () at ur e bet ween about
200 and 350 degrees Cel sius; applying power to an inductively coupled

ant enna bet ween about 200 and 2000 W applying a cathode bias power of not
greater than abuimeBGANT cirim 8 wheneirastep (d) IR perficrmeeratar aiastrate eaipeeireabout

2-and 50 f tg&%reézqa%nggﬁtbq{gépée%rcé agabl e nmedi um cont ai ni ng software that

when execu caus S"a seni conductor wafer processing system
to fabricate a gate structure of a field effect transistor using a nethod,

- compri i ngy., (@ndiricd  ialn BRI BRKIEkAIRLE: ol ect rode | ayer forned

on a gate dielectric |ayer over yraljt transi stor Junctions

defined in thePTOWHNG carkon tetrafiyoridg rEFﬁ) é@ﬁ@r%@i athi fipwdatie fiRedi=4n gat e

st ruct ur erangetfizen 90 4at€ct rode | ayer, (0) pl asma etching the gate ale |on

| ayer to define the gate structure therein, wherein a polyneric residue is

deposlte{ on the substrate, .
18.  The method of claim 8 wherein the step (d) comprises:

providing carbon tetrafluoride (CFJ) and nitrogan (N2) at a flow ratio CF:Ng in a
range from 1:5 to 40:1;

maintaining the substrate at a temperature betwesn about 200 and 350 degrees
Celsius; .

applying power to an inductively coupled antenna between about 200 and 2060
w;

applying a cathode bias power of not greater than about 30 W; and

maintaining a chamber pressure between about 2 and 50 mTorr.

18. A computerqeadable medium containing software that when executed by a
computer causes a semiconductor wafer processing system to fabricate a gate
structure of a field effect transistor using a methad, compriéing:

(a) providing a substrate having a gate electrode layer formed on a gate
dielectric layer over a piurality of transistor Junclions defined in the substrate;

- (b} forming a pattemed mask defining a gate structure on the gate electrode

layer;

(¢) plasma etching the gate electrode layer 1o define the gate structure therein,
wherein a polymeric residue is deposlt:ZZn the substrate;

_(d) removing the polymeric residue using a plasma comprising one or more
fluoracarbon-containing gases; and
15



(d) renoving the polyneric residue using a plasm conprising one or nore

fl uorocar bon-contai ni ng gases; and 15 (e) plasnma etching the gate
dielectric layer to define the gate structure therein. 20. The
conput er -r eadabl e medi um of claim 19 wherein the gate dielectric |ayer
conprises a material selected. fromthe group consisting of hafnium dioxide
(Hf®), hafniumsilicon dioxide (Hf SiQy), hafniumsilicon . oxynitrlde

(Hf Si ON). 21.(eYplasvamiching thecgate Hietoctficdayahie definethmagt? W‘é‘?ﬁ’r‘]‘ffﬁ@- st eps

(d) and (e) are perforned sequentially in one processing chanber. 22. The
conput er -r eadabl e medi um of c¢laim 19 rein the fluorocar - L i ng
gas of s@p (The comprtesseadable plediim (9\‘\/3’ Sp%@i%@ﬁl%gh# @8 Bﬁ’ﬂa %"g;{gép
consi st | fgnfiises 81 ek béiitb idnd the Groliplodrisistihg o GrasiuragioxieHFI9)and

f 1 uor oet hane ?ODFe) . 23, The OH%H} er - r eadabl g C{EE@J%B f claim19 wherein
‘the fl UOMBW'B@H'G%E‘QP‘WFI‘EfS‘Qés S VAR PR i vity for the

“pol yneric residue over tie gate dielectric layer of at |east about 50:1.
24. The caonputer-readabl e | um ' WhGERl fet d (e) are
f1uor ocataflon-ﬁ.gf;'lt"gf"ﬁ’iu "re%dtg’eopeg%'bst %ég a sé e@?is\?ﬁsy(df)oarn t e)e e
pol yner i petfaghed eequentialiytie ogepeccessiog sbaroberayer of at least 1:1. 25. The
conput er - readabl e medi um of claim 10 wherein stop (d) is performed at a

substrate tenperature between 200 and 350 degrees Celsius. .1 r .
22, inhe computer-readable medium of claim 18 wheraln the ﬂuorocarbon-conﬁﬁung

gas of step (d) comprises one or more gases gelected from the group consisting of
carbon tetrafluoride (CF.), trifluoramethane (CHFFs) and fiuoroethane (C2Fe).

28. The computer-raadable medium of claim 19 wherein the fluoracarbon-containing
gas of step (d) has & selectivity for the polymeric residue over the gate dielectric layer
of at least abaout 50:1.

24. The computer-readable mediuta of claim 19 wherein the fluarocarbon-containing
‘gas of step (d) has & selectivity for the polymeric residue over the gate electrode layer
of at least 1:1.

25. The computerreadable medium of claim 19 wherein step (d) is performed at a
substrate temperature between 200 and 350 dagrees Celsius.

~———
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